ABSTRACT Synchrotron x-ray sources provide high-brilliance beams that can be focused to submicron sizes with Fresnel zone-plate and x-ray mirror optics. With these intense, tunable or broadbandpass x-ray microbeams, it is now possible to study texture and strain distributions in surfaces, and in buried or encapsulated thin films. The full strain tensor and local texture can be determined by measuring the unit cell parameters of strained material. With monochromatic or tunable radiation, at least three independent reflections are needed to determine the orientation and unit cell parameters of an unknown crystal. With broad-bandpass or white radiation, at least four reflections and one measured energy are required to determine the orientation and the unit cell parameters of an unknown crystal. Routine measurement of local texture and strain is made possible by automatic indexing of the Laue reflections combined with precision calibration of the monochromator-focusing mirrors-CCD detector system. Methods used in implementing these techniques on the MHA'IT-CAT beam line at the Advanced Photon Source will be discussed.
INTRODUCTION
Material science has traditionally concentrated on studies either at the atomic scale where first principles and Monte-Carlo simulations are practical or at the macroscopic scale where finite element methods are appropriate. However at an intermediate mesoscale (of order 1Onm to lOpm), both theoretical and experimental tools are limited. Yet it is just at this scale where polycrystalline and intra-granular heterogeneities support a rich system of boundaries, stress distributions, second phases and interfaces, which are keys to understand fundamental material behaviors.
EIectron backscatter diffraction (EBSD) is'one of the few tools which can be used to study crystal structure at mesoscopic length scales [l] . However, electron beam probes are limited to the near-surface region and typically have limited strain and texture sensitivity. Penetrating xray microprobes overcome both limitations with strain sensitivity down to Ad / d -10s4. X-ray microbeams also have outstanding elemental and oxidation state sensitivity with probe sizes comparable to electron beams on thick samples. Yet despite the many advantages of x-ray microprobes, these devices have been largely limited by x-ray brilliance (photons/sec/eV/mm*/mrad*).
The recent availability of the third generation synchrotron radiation sources like the Advanced Photon Source at Argonne National Laboratory now provides orders of magnitude greater brilliance in the hard x-ray region. Third generation sources combined with much improved x-ray optical components like elliptic Kirkpatrick-Baez mirrors and Fresnel zone plates can provide submicron size focused x-ray beams which have more flux than mm* beams from a conventional x-ray tube. X-ray microprobes can now be used for local texture and strain analysis on a micron scale. Of particular interest are studies of inter-and it-ma-granular stress/strain distributions in polycrystalline samples. ' The submitted manuscript has been authored by a contractor of the U.S. Government under contract NO. DE-ACOS-960R22464.
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(1). But T may include both distortions and rotations. To remove the rotations, the average of T and TT must be used. The strain tensor &M in the measured crystal Cartesian coordinates is given by, EM =(T+TT)/2-1 (4) where I is the identity matrix. The strain tensor in a laboratory frame, cL can be calculated by using the rotation matrix R, which is derived from the orientation of the grain;
(5) This simple method allows the calculation of the strain tensor for each grain from the measured unit cell parameters. We note that the strain tensor can be divided into a dilatation tensor and a deviatoric tensor [5] . For some cases, the distortional tensor alone is adequate, and this can be recovered from a white beam Laue pattern alone without energy measurements of the diffracted beams. EXPERIMENT A schematic diagram of the setup used at the MHATT-CAT 7Dbeam line at the APS is shown in Fig. 1 . Absolute values of lattice constants could be obtained by switching back and forth between white beam and monochromatic beam. Whereas a typical monochromator has large displacements on the order of cm's between the white beam and the monochromatic beam, for the x-ray microbeam experiments, both beams need to illuminate the same spot on the sample. To achieve this goal, a monochromator was specially designed so that the monochromatic beam direction can be adjusted to make it co-axial to the white beam [6] . The geometry of slits and monochromator crystals is also shown in Fig. 1 .
To used. A gold film was differentially deposited on a pair of Si cylindrical mirrors to achieve an elliptic shape and a Rhodium film was coated on top to improve the reflectivity. The nominal size of the focused beam is 0.7j.tm x 0.7pm for both the white and the monochromatic beam.
As shown in Fig. 1 , the monochromatic beam comes from a region about lmm below the white beam. Therefore, the vertical angle of the monochromatic beam is slightly different from the white beam. To make the monochromatic beam illuminate the same part of the sample, the beam direction is adjusted by raising the temperature of the second crystal of the monochromator. The positions of both beams at the focus were adjusted to within -0.5 pm from each other.
Reflections from the sample were recorded with a thermoelectrically cooled CCD with 1242 by 1152 pixels from Princeton Instruments Inc. Though its pixel size is -22.5 pm, the position of a peak can be determined to -l/l0 of the pixel size by fitting the curve shape of the intensity profile. Each pixel has 16 bits of the dynamic range.
To measure a strain tensor to 10m4 resolution, the angles of the diffracted beams have to be measured very accurately. An accurate determination of a CCD detector orientation relative to the x-ray beam and the distance between the CCD fluorescence screen and the point where the beam intercept the sample plane is crucial in determining the precise angles of the diffracted beams. These constants are measured by fitting a Laue picture of a perfect crystal with the least square method. A special algorithm was developed for this calibration and combined into our automatic indexing program. In our measurements, a monolithic Ge crystal was used as an unstrained reference crystal and more than 40 reflections were collected to get the best fitting parameters.
RESULTS
Here we present results of texture measurements of Al interconnects and an energy analysis of a diffracted beam from nanoindents on a Cu crystal as examples which show the potential of x-ray microbeams as a texture and strain analysis tool. A comprehensive strain analysis of Al interconnects on a memory chip is discussed in a separate paper of this proceeding [7] . Fig. 2 shows a texture map of an Al interconnect on a commercially fabricated VLSI memory chip. The interconnects were made of 0.7 pm thick film of pure Al deposited on a Si (100) surface and were covered with an amorphous glass passivating layer. The measurements --were made on 2 am wide interconnects with a 1.5 x 2 urn beam from an earli : K-B mirr ._ . _,. ,.. pair. All of the grains have ~11 l> directions close to the surface normal. This agrees with the well known preferred growth of fee metal films in the ~11 l> direction [8, 9] . The angles between the surface normal and the ~11 l> direction of Al were in the range of -3 to 14". The orientations of the unit cells in the plane perpendicular to the ~111~ directon showed essentially random behavior, which is typical for high rate film growth [lO] . If there were no passivating layer on top of the Al interconnects, electron backscatter diffraction would provide similar information, but would not provide strain analysis as we report in a separate paper of this proceedings [7] . As another study, Fig. 3 shows white beam Laue images taken near a nanoindent on a Cu single crystal. The indent was made with a pyramidal tip as shown in Fig. 3 on a ~11 l> surface of a Cu single crystal. The Laue images were taken at various locations within the pyramidal crater made by the nanoindenter. Pictures taken near the centers of three faces of the pyramidal indent show strong streaking of the ~11 l> Cu reflection toward the indenter surface normal vectors. The energy scan with a monochromatic beam shown in Fig. 4 reveals that these streaks are as wide as 500 eV and span more than 20" in angle, but the dilatational strain is quite small according to the measured d-spacings. The slight residual compression is not much larger than the present accuracy of the absolute d-spacing (-2~10~). In any case, the almost constant relative d-spacings indicate that the distortions are mostly plastic subgrain rotations. The absolute accuracy of the d-spacing will be improved as measurement and analysis techniques are refined.
These two examples show that x-ray microdiffraction is a unique tool that can provide new information like texture, orientation, and strain on a micron scale. This type of information will form a guide to a better understanding of the physical properties of thin film polycrystalline samples, which is needed to improve reliability in electronic devices. As shown by Wang et al.[ 111, the nondestructive, penetrating nature of x-rays makes it possible to monitor changes of texture and strain in real time as well to study the evolution of mesoscale 
